Abstract The objective of this paper was to perform a microclimate evaluation and determine the indexes of thermal comfort indexes, in sun and shade, in integrated croplivestock-forest systems with different arrangements of eucalyptus and native trees, in the Brazilian Midwest. The experiment was conducted at Embrapa Beef Cattle in Campo Grande, state of Mato Grosso do Sul, Brazil, from July to September 2013. The evaluations were conducted on four consecutive days, from 8:00 a.m. to 5:00 p.m., local time (GMT −4:00), with 1 hour intervals, recording the microclimate parameters: air temperature (°C), black globe temperature (°C), wet bulb temperature (°C), relative humidity (%), and wind speed (m.s ), for the subsequent calculation of the Temperature and Humidity Index, the Black Globe Temperature and Humidity Index, and the Radiant Thermal Load. The largest changes in microclimate parameters were found in the full sun, between 12:00 p.m. and 1:00 p.m., in less dense eucalyptus system, followed by the scattered native trees system, resulting in a maximum Temperature and Humidity Index of 81, Black Globe Temperature and Humidity Index of 88 and Radiant Thermal Load of 794 W m −2
Introduction
Having second largest herd in the country, the Brazilian state of Mato Grosso do Sul is a world reference in the agricultural sector, with approximately 21 million hectares of planted pastures, 8.5 million animals slaughtered/year and revenues of US$ 312 million in exports of fresh beef (IBGE 2015) . The state is also characterized by its territory; about 60 % is located within the Cerrado biome, tropical climate with dry winter and high temperatures all year round. In these regions, grazing animals are constantly exposed to direct solar radiation, causing stress and physiological dysfunction compromising the welfare and productivity due to excessive production of heat for the control of homeothermy (Aggarwal and Upadhyay 2013; Tripon et al. 2014) .
In extensive production systems, the selection of more adapted breeds to climate effects associated with the supply of shade has become efficient management strategies against climate effects on animals. The shadow in adequate amounts helps to reduce the heat load associated with direct solar radiation, reducing the temperature of the air and promoting increased humidity in the shadow cast by trees and improving animal welfare.
Thus, in recent years, the integrated crop-livestock-forest systems, although initially designed for the recovery of soils and degraded pastures, have also excelled by improving the microclimate conditions, mitigating the heat through trees and contributing to the sustainability of livestock farming in the tropics with direct effect on the welfare and thermal comfort (Broom et al. 2013) .
However, it is a mistake to consider the uniqueness of quantitative and qualitative characteristics of natural shading, particularly in integration systems, as the efficiency of the understory microclimate modification is linked mainly to the morphological characteristics of the tree species used as well as to its density (Schumacher and Poggiani 1993; Silva and Maia 2013) .
The objective of the research was to evaluate the microclimate and determine the thermal comfort indexes, in sun and shade, in integrated systems with different arrangements of eucalyptus and native trees in the Brazilian Midwest.
Materials and methods

Location and climate pattern
The experiment took place at the Brazilian Agricultural Research Corporation-Embrapa Beef Cattle, located in Campo Grande, state of Mato Grosso do Sul, Brazil, at 20°2 7′ south latitude, 54°37′ west longitude, and 530 m above sea level. According to Köppen's (1948) classification, the weather pattern in the region is in the transition zone between warm temperate (CFA) and tropical wet (Aw) climates, with rainfalls and average annual temperatures of 1560 mm and 23°C, respectively.
Experimental area
The experimental area, with 18 ha -1 , consists of three integrated systems, so that each system is subdivided in four paddocks with 1.5 ha -1 , established in 2008 with Piatã grass (Brachiaria brizantha cv. BRS Piata), as follows: (i) integrated croplivestock-forest system 1 (ICLF-1) with 14 m between tree rows and a density of 357 trees/ha -1 ; (ii) integrated croplivestock-forest system 2 (ICLF-2), with 22 m between tree rows and a density of 227 trees/ha -1 ; and (iii) integrated croplivestock-forest system 3 (ICLF-3), with five scattered native Cerrado trees/ha -1 . The tree component of ICLF-1 and ICLF-2 is eucalyptus (Eucalyptus grandis x E. urophylla clone H 13), with a 2 m space between trees, an average height of 26 m in August 2013, and pruned up to 6 m high. From the three species present in ICLF-3, two were chosen for evaluation due to its greatest occurrence: Cambará (Gochnatia polymorpha Less.) and Cumbaru (Dipteryx alata Vog).
Microclimate records
To avoid weather variations between systems, were evaluated, simultaneously, one paddock of each system per day, in four consecutive days (corresponding to the total number of paddocks by system), preferably sunny days, in the months of July, August, and September 2013 (dry winter season). Data were recorded from 8:00 a.m. to 5:00 p.m. local time (GMT-04:00), in hourly intervals between evaluations, according to Guiselini et al. (1999) and Gurgel et al. (2012) . To determine the air temperature (°C) and relative humidity (%), digital datalogger thermo-hygrometers (Instrutherm®, HT-500) (humidity 0.0 to 100.0 % scale; 3 % precision, and 0.1 % resolution; and temperature −40.0 to 70.0°C scale; −20.0 to 50.0°C precision, and 0.1°C resolution) were inserted into perforated PVC pipes (with 0.15 m lengths, 0.40 m diameter, with 12 holes drilled around the pipe), as described by Trumbo et al. (2012) . The wet bulb temperatures (°C) were obtained from a psychrometric visual reading set (Incoterm®, with a −10.0 to +50.0°C scale). To measure the black globe temperature (°C), the adopted methodology was that proposed by Souza et al. (2002) , using digital datalogger thermo-hygrometers (Instrutherm®, HT-500) inserted into dim black plastic floats (PVC) with 0.15 m diameter. The wind speed (m s The pieces of equipment were placed in full sun (A) and in the shadow cast by trees (B), in two replications for 2.0 m from the tree lines and 1.3 m above the ground (corresponding to the height of the mass center of adult beef cattle) (Fig. 1) , horizontally displaced according to the shadow cast by trees and the zenith angle variation. For fixation, in systems with eucalyptus (a; ICLF-1 and ICLF-2), in each paddock it has been extended two raffia ribbons between two rows of trees, where the equipments already calibrated and programmed were fixed. In the area with scattered native trees (b; ICLF-3), they were allocated in cages exclusion, to form a support structure at the desired height (1.3 m). At the end of each day evaluation, the equipments were relocated to the subsequent paddock.
The meteorological data from the experimental environment were collected daily by a weather station (A702-INMET), 3 km distance from the experimental area.
Thermal comfort indexes
The thermal comfort indexes, recommended by Guiselini et al. (1999) ; Gurgel et al. (2012) ; Navarini et al. (2009) , and Silva and Maia (2013) , were calculated for each time and place (shade and full sun), for the 3 months of evaluation, and for the three integrated systems.
The Temperature and Humidity Index (Thom 1958 ) was determined by Eq. (1):
where: THI -Temperature and Humidity Index, dimensionless DBT -dry-bulb temperature,°C; and, WBT -wet bulb temperature,°C. The Black Globe Temperature and Humidity Index (Buffington et al. 1981) , was estimated according to Eq. (2):
where: BGHI -Black Globe Temperature and Humidity Index, dimensionless TBG -black globe temperature,°C; and, WBT -wet bulb temperature,°C. Equation (3), proposed by Esmay (1979) , was used to determine the radiant thermal load:
where: RTL -Radiant Thermal Load, Wm ; and MRT -mean radiant temperature, K. ; TBG -black globe temperature,°C; DBT -dry-bulb temperature,°C.
Experimental design and statistical analysis
The experimental design was randomized block (months: July, August, and September) arranged in a split-split-splitplot scheme, with four replications (corresponding to paddocks). The split-plots corresponded to integrated systems (ICLF-1, ICLF-2, and ICLF-3), split-split-plots to places (shade and sun), and split-split-split-plots to schedules (from 8:00 a.m. to 5:00 p.m.), with the following mathematical model:
Y ijklm : response variable; μ: overall mean; M i : effect of the month; e ij : error (a); S k : effect of the systems; MS ik : interaction effect of month × systems; e ijk : error (b); P l : effect o f the pla ce; MP i l : i nt era ct i on effe ct of m o n t h × p l a c e ; S P k l : i n t e r a c t i o n e f f e c t o f s y s t e m s × p l a c e ; M S P i k l : i n te r a c t i o n e f f e c t o f months × systems × place; e ijkl : error (c); H m : effect of the hour; MH im: interaction effect of month × hour; PH lm : interaction effect of place × hour; SH km : interaction effect of systems × hour; MPH i l m : interaction effect of month × place × hour; MSH ikm : interaction effect of month × systems × hour; SPH klm : interaction effect of systems × place × hour; MSPH iklm : interaction effect of month × systems × place × hour; e ijklm : error (d).
Data were submitted to analysis of variance (ANOVA) and regression through the statistical application SAS 9.0 (2002), adopting a 5 % level of probability. 
Results
Microclimate variables Figure 2 shows the climate monthly average in the experimental area throughout year 2013. The months of July, August, and September (data collection period) were characterized by high temperatures, medium to low air humidity and lack of rain, mainly in July and August. Thereby, the largest air temperature and black globe temperature values were observed in the month of September, in the sun, between 12:00 a.m. and 1:00 p.m. in all production systems (Table 1 ). The system with scattered native trees (ICLF-3) showed the highest average of air temperature (43.5°C) and black globe temperature (48.2°C), followed by system with dense eucalyptus (ICLF-1), with an air temperature of 39.4°C and black globe temperature of 48.3°C, and system less dense eucalyptus (ICLF-2), with an air temperature of 37.8°C and black globe temperature of 42.9°C. Such microclimate parameters showed significant reductions in the shade, thus the ICLF-1 system, with dense eucalyptus, showed lower air temperature (33.6°C) and black globe temperature (34.8°C), followed by ICLF-3 system, with scattered native trees with 34.6°C for air temperature and 35.7°C for black globe temperature, and ICLF-2 system, with less dense eucalyptus with 35.1°C air temperature and 35.9°C black globe temperature. Therefore, it is clear that there has been chronic exposure of animals to high temperatures (Morais et al. 2008) .
The lower relative humidity values were recorded at the same time interval (12:00 p.m. to 1:00 p.m.), in the sun, with rates of 15.2, 18.9, and 20.4 % for ICLF-3, ICLF-1, and ICLF-2 systems, respectively (Table 2) . It should be emphasized that a higher relative humidity occurred in the dense eucalyptus system (ICLF-1). For Baêta and Souza (2010) , environments with relative humidity between 60 and 70 % are considered as comfortable. However, high humidity combined with high temperatures, heat loss by sweating processes become inefficient, therefore, the animal requires more energy expenditure for thermoregulation. The wind speed varied widely throughout the day and between systems (Table 2), but they were always greater in the system with scattered native trees (ICLF-3), easing the heat sensation imposed by higher air temperatures during the study period. With the exception of September, the values found themselves within the limits considered comfortable (from 1.38 to 2.22 m s −1 ) by Baêta and Souza (2010) .
Significant quadratic responses (P < 0.05) were observed for air temperature and wet bulb temperature depending on the time and sampling, in sun and shade conditions (Table 3) . In all evaluated periods, the highest averages were those obtained in the sun, with considerable reductions in the shade. The maximum values of air temperature and wet bulb temperature registered in the shade were 32.0 and 23.2°C, respectively, at 12:00 p.m. The results were possibly influenced by the high insolation during the evaluation period.
Significant quadratic responses (P < 0.05) were found for black globe temperature depending on the system and local conditions (Table 4 ). The highest averages were obtained in the sun, influenced by the high incidence of solar radiation in the evaluated systems. In shade, the largest recorded estimates were 34.3°C for both systems with eucalyptus dense (ICLF-1) and less dense (ICLF-2) and 33.2°C for the system with scattered native trees (ICLF-3), at 12:00 p.m.
Thermal comfort indexes
The benefits of shading on the Temperature and Humidity Index can be observed in Table 5 , with significant quadratic responses (P < 0.05) for systems and local conditions according to time. The highest environmental thermal condition was at 12:00 p.m., with maximum values in the sun for the system with dense eucalyptus (80, ICLF-1), followed by system with less dense eucalyptus (81, ICLF-2), and system with scattered native trees (81, ICLF-3) and considerable reductions in the shade in the systems with different arrangement of eucalyptus (78, ICLF-1 and 79, ICLF-2) and scattered native trees (78, ICLF-3), which obtained the best thermal comfort condition in shade at all times.
The Black Globe Temperature and Humidity Index showed significant quadratic response (P < 0.05) depending on time for system and location (Table 5 ). The best comfort conditions evaluated by index were obtained in shade (79) for scattered native trees (ICLF-3), and 81 for different arrangement of eucalyptus (ICLF-1 and ICLF −2) and the higher ones were obtained in sun (88 in ICLF-3; 85 in ICLF-2 and 83 in ICLF- Tables 1, 2 , 3, and 4) throughout the experimental period significantly influenced the Radiant Thermal Load with significant quadratic responses (P < 0.05). The highest Radiant Thermal Load values were found at 12:00 p.m. on every month, system, and location ( (Silva 2000) . In this work, the Radiant Thermal Load was consistently high throughout the experimental period. This result underscores the relevance of environmental management in order to protect the animals against direct solar radiation so they are able to better withstand these climatic peculiarities (Morais et al. 2008) . In this case, all the systems' trees were able to reduce the Radiant Thermal Load in the shade, in every month.
Discussion
It should be noted that, even in the winter season in the Southern hemisphere, between July and September, the air temperatures recorded in the sun were superior to that considered critical (35°C) by Baêta and Souza (2010) for Zebu, with peaks of 43.5°C at 1:00 p.m. in September. Moore et al. (2012) warn that high levels of air temperature, solar radiation, and humidity provide an uncomfortable thermal environment, demanding compensation systems from the animals to maintain homeothermy, even from more adapted ones. Even though such mechanisms are efficient, they impose an energy cost and, therefore, a fall in productivity (Mader et al. 2010) . In this sense, shades in adequate amounts serve as protection against thermal radiation because they reduce the heat load associated with solar radiation (Schütz et al. 2010) . In this study, the approach of the spring equinox and the increased photoperiod were possibly responsible for the higher values of microclimate variables in September. In this case, one notes the importance of the tree component in improving the microclimate in tropical pastures considering the values of air temperatures in the shade, in all production systems, with 8.9°C for scattered native trees (ICLF-3) at 1:00 p.m., 5.7°C for dense eucalyptus (ICLF-1) at 1:00 p.m., and 2.7°C for less dense eucalyptus (ICLF-2) at 12:00 p.m., lower than in the sun, in this case, in the shade of scattered native trees (ICLF-3), at 1:00 p.m., the air temperature was 20.4 % lower than in the sun, consequently, the black globe temperature also decreased by 26.0 % compared to the sun (Table 1) . In the shadow, in September, there was also an increase of 4.5, 3.9, and 1.4 % in the relative humidity of the air in, ICLF-3, ICLF-1, and ICLF-2 systems, respectively (Table 2 ). It should be noted the importance of spacing between trees and rows to allow heat exchange in the understory. In this study, the highest wind speed was measured in scattered native trees system (ICLF-3), followed by less dense eucalyptus system (ICLF-2). Although this study did not focus on the direct assessment of animals, the low density of trees in the systems would probably favor thermal exchanges by conduction and convection between them and the environment, reducing the thermal stress resulting from the recorded high temperatures (Baêta and Souza 2010) . As expected and observed in this study, the differences and respective efficiencies of tree species in altering the microclimate are due to the canopies' structure and format: the dense and larger the canopies and the lower the heat load associated with solar radiation in the systems. Thus, the round shape of the canopies of scattered native trees (Cambará and Cumbaru, ICLF-3 system) made it possible to reduce approximately 20 % of the black globe temperature in the shade compared to the sun (41.4°C), while the eucalyptus (ICLF-1 and ICLF-2 systems) reduced less (7.1 % and 11.1 %), to according Table 4 . In the case of the eucalyptus, its ellipsoidal shape, with spaced branches, facilitates the solar incidence on the surface of the soil, with less radiation-blocking and increased energy flow. Indeed, according to Schumacher and Poggiani (1993) , the incident sunlight in areas with eucalyptus is greatly reduced, but slightly changed qualitatively, reaching the forest canopy and being reflected back to the environment. In broadleaf trees such as Cambará and Cumbaru (ICLF-3), however, the light undergoes selective absorption, modifying its use and even the photosynthetic processes. Interestingly, the tree component is able to also modify the environment near the tree beyond the shaded area (Abreu and Labaki 2010) . results to those of this study, in which planting fields with fewer trees showed reductions in air temperature values (an average of 21.6°C). According to the authors, a higher density of trees hinders the wind movement. Silva et al. (2010) registered lower air temperature (26.7°C) and wet bulb temperature (21.3°C) under the shade of Acacia holosericea, with a 13.6 % increment in the sun for air temperature (30.9°C) and 3.2 % for wet bulb temperature (22.0°C), corroborating the fact that these trees are able to intercept part of the solar radiation. In this study, from 12:00 a.m. to 1:00 p.m. in the sun, there was an increase of air temperature (6.1 %) and wet bulb temperature (7.6 %), to according Table 3 . Ferreira et al. (2011a) found similar results in silvopastoral systems in northern Rio de Janeiro (southeastern Brazil) with Santa Ines sheep, where the black globe temperature was 13.2 % lower in the shade (32.9°C vs 37.9°C). More comfortable temperature conditions directly benefit the animals. In this regard, Ferreira et al. (2006) determined the physiological parameters of crossbred cattle subjected to heat stress and observed conditions of comfort and severe heat stress when black globe temperature was 23 and 44°C, respectively.
For animal thermal comfort, Baêta and Souza (2010) found that Temperature and Humidity Index values lower than or equal to 70 indicated non-stressful environments; between 71 and 78 were considered critical; 79 to 83 indicated a dangerous condition; and above 83, an emergency one. According to Table 5 , the Temperature and Humidity Index obtained ranged from critical to dangerous, directly influenced by high air temperature and wet bulb temperature checked in the experimental period (Tables 1 and 3) . However, at 12.00 a.m., the scattered native trees system (ICLF-3) was able to mitigate the heat, decreasing in 3.7 % the Temperature and Humidity Index (Table 5) , followed by less dense eucalyptus system (ICLF-2) and the dense eucalyptus system (ICLF-1) with increase of 2.5 %.
Other Brazilian authors also found quite alarming situations for pasture-bred cattle in tropical regions. In pastures in the state of Paraná, with different conditions of natural shading, Navarini et al. (2009) determined Temperature and Humidity Index values similar to those found in this study, from January to February (summer), in small groves of Guajuvira (76) and in full sun (80), but at 3:00 p.m. Evaluating native species as wilco (Anadenanthera colubrine Vell.), rose pepper tree (Schinus terebinthifolius), Brazilian copal (Hymenaea courbaril L.), ipe tree (Tabebuia alba Cham.), and cumbaru (Dipteryx alata Vog.) dispersed in pastures in the month of May (autumn), Ferreira et al. (2011b) determined average values of Temperature and Humidity Index between 74 and 78 in the shade, and 82 in full sun.
For the Black Globe and Humidity Index, the shade of scattered native trees (ICLF-3) was the one with the best conditions for thermal comfort, with a reduction of 10.2 %, followed by the less dense eucalyptus system (ICLF-2), with 4.7 %, and dense eucalyptus system (ICLF-1), with 2.4 %, at 12:00 a.m. (Table 5 ). However, despite the reduction of Black Globe and Humidity Index values in the shade, the environments were still in thermal discomfort for cattle, since they were classified as ranging from hazardous to emergency conditions, according to Baêta (1985) . When assessing the shadow of unspecified native trees in pastures of the southeast region of the country. Ablas et al. (2007) found Black Globe and Humidity Index values of 87 and 89 in shade and sun, respectively. Souza et al. (2007) achieved extremely high Black Globe and Humidity Index values in sun (98) and in shade (88), indicating heat stress for Sindhi cattle in the semiarid region of the state of Paraíba, Brazil.
According to Silva (2006) , the presence of trees in pastures directly affects the energy balance of a system and thus they can intercept up to 80 % of incident radiation, corresponding to a reduction of up to 30 % in the Radiant Thermal Load. In fact, in this study, at 12:00 p.m. to 1:00 p.m., the scattered native trees (ICLF-3) provided a 24.0 % reduction in Radiant Thermal Load in July, 16.3 % in August, and 29.6 % in September. Of all densities, the less dense eucalyptus system (ICLF-2) proved to be more efficient reducing the Radiant Thermal Load in 15.2 % in July, 5.3 % in August, and 8.5 % in September compared to dense eucalyptus system (ICLF-1), with 17.0 % in July, 4.6 % in August, and 7.5 % in September (Table 6 ). In the state of Paraná, Baliscei et al. (2013) Although the calculated thermal comfort indexes still demonstrate possible discomfort for animals raised in tropical pastures, it is observed that the presence of trees is paramount to the improvement of a productive thermal environment, especially when dispersed or in lower density.
Conclusion
The integrated crop-livestock-forest systems promoted beneficial microclimate changes to the grazing animals, in the Brazilian Midwest. The systems with less dense eucalyptus (ICLF-2) and scattered native trees (ICLF-3) provided better thermal comfort condition in relation to the dense eucalyptus system (ICLF-1). The highest spacing between rows of trees and in lower density, allowed better circulation of winds, reduction in air temperature and black globe temperature, and increase in relative humidity in the shade, favoring animal welfare. Therefore, it is observed that with the presence of trees in pastures, there were possible reductions of up to 3.7 % in Temperature and Humidity Index, 10.2 % in the Black Globe Temperature and Humidity Index and 28.3 % of the Radiant Thermal Load in the shade in relation to areas of full sun.
